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Description 

BACKGROUND OF THE INVENTION 



s [0001] Omeprazole is a known gastric proton-pump inhibitor (Merck Index II, 6800 and references cited therein). 
Other related compounds, all having the substituted 2-(2-pyridylmethylsulfinyl) benzimidazole or imidazopyridine struc- 
ture, have been disclosed (see for example: U.S. Pat. No. 4,689,333; 4,808,596; E.P.O. Application Nos. 0 174 726, 
0 240 158, 0268 956, 0302 720; Jap. Application Nos. H2-49774and S61-178919; and Chem. Pharm. Bull. 38, 2853 
(1990)). 

10 [0002] Synthetic preparations of omeprazole and related compounds typically involve multistep syntheses of which 
the last step is the oxidation of a sulfide, for example pyrmetazole, which has the formula I la, to the corresponding 
sulfoxide, for example omeprazole, which has the formula la. 




35 




45 



[0003] Suitable oxidizing agents previously disclosed in the art for preparing these types of compounds include per- 
oxides, such as hydrogen peroxide, m-chloroperbenzoic acid (MCPBA), perbenzoic acid and peracetic acid (see E.P. 
O Application No. 0 240 158), hypohalite salts, such as sodium hypochlorite (see EP-O 268 956), iodosobenzene, 

50 3-methyl iodosobenzene (see Spanish Application No. ES540,147), and other well-known oxidizing agents (see U.S. 
Pat. No. 4,255,431). The most preferred oxidizing agent is usually m-chloroperbenzoic acid. Suitable solvents previ- 
ously disclosed include dichloromethane, chloroform, benzene, toluene, methanol, ethanoland the like. The preferred 
solvent is usually dichloromethane, an enviromentally harmful halogenated solvent. All of the references noted above 
describe isolation of the sulfoxide by extraction into an organic solvent. 

55 [0004] More recently E.PO. 302 720 discloses oxidation of this type of sulfide which utilizes aqueous hydrogen 
peroxide in the presence of a vanadium compound which acts as a catalyst. This reference discloses that oxidation 
under these conditions results in higher yields of the desired sulfoxide, less N-oxide by-products and, in some cases, 
isolation of the product directly from the reaction mixture by filtration, vanadium compounds are known to be highly toxic. 
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[0005] P. Brougham et al. (Synthesis , 1015 (1987)) have disclosed that magnesium monoperoxyphthalate (MMPP) 
is a useful oxidizing agent which may be substituted for MCPBA in a variety of oxidative synthetic applications. The 
main advantages which were noted are the lower cost and reduced hazard of MMPP relative to MCPBA. However, it 
has been disclosed that replacement of MCPBA with MMPP may provide products that are distinctly different than the 
5 products obtained when the oxidizing agent is MCPBA. (See for example: A.B. Holmes et al., Synthetic Letters , 47 
(1991)andV. Meladinis et al.. Z. Naturforsh Sect. B, Chem Sci. 44, 1453(1989)). MMPP is described as being soluble 
in water and low-molecular-weight alcohols, but is negligibly soluble in chloroform. The use of toluene as a solvent or 
co-solvent in an MMPP oxidation has not been previously described. 

[0006] EP-A-298 440 discloses monoperphthalic acid in a list of possible oxidising agents for oxidising the mercapto 
io group of a substituted mercapto benzimidazole. No worked examples of the oxidation of this group are given. 

[0007] It is the object of the instant invention to provide a novel process for the preparation of anti -ulcer agents having 
a methylsutfinyl bridge from the corresponding compounds having a methylthio bridge. 

[0008] It is also the object of the instant invention to provide a process for the preparation of such anti-ulcer agents 
which utilizes an oxidizing agent which is economically improved over, substantially free from hazards associated with 
15 and free from toxic components associated with previously described oxidizing agents in analogous processes. 

[0009] It is also the object of the instant invention to provide a process for the preparation of such anti-ulcer agents 
which utilizes a solvent system free from environmentally harmful halogenated solvents. 

[0010] It is further the object of the instant invention to provide a process for the preparation of omeprazole wherein 
the crude omeprazole is isolated by filtration of the reaction mixture thereby eliminating the need of a more expensive 
20 and time consuming extractive isolation procedure. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides a novel process for the preparation of a compound of the Formula la: 

25 
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la 



comprising the step of treating a mixture of the compound pyrmetazole, having the formula I la: 
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in a solvent, with magnesium monoperoxyphthalate, in an amount sufficient to convert pyrmetazole to omeprazole. 
20 [0012] In a class of this embodiment is that process wherein the solvent comprises toluene. 

[0013] In a sub-class of this class is a process which further comprises the step of isolating the omeprazole from the 
reaction mixture by filtration. 

[0014] The term "mixture" includes homogeneous solution and heterogeneous mixture. The term "heterogeneous 
mixture" includes suspension, slurry and emulsion. 
25 [0015] The term "solvent" includes water, water miscible solvents and water immiscible solvents and includes com- 
binations of these solvents. The preferred solvent is a combination of water, a water miscible solvent and a water 
immiscible solvent. 

[0016] The term "water miscible solvents" include low-molecular-weight alcohols, acetonitrile, dimethytformamide 
(DMF), tetrahydrofuran (THF), dioxane, methoxyethanol, tetramethylene sulfone, dimethoxyethane and the like. The 
30 preferred water miscible solvent is a low-molecular-weight alcohol. 

[001 7] The term "water immiscible solvent" includes benzene, toluene, xylenes, chlorobenzene, o-dichlorobenzene, 
chloroform, methylene chloride, cyclohexane, heptane, 2,2,4-trimethylpentane, Dowtherm and the like. The preferred 
water immiscible solvent is toluene. 

[0018] The term "low-molecular-weight alcohol" includes hydroxy alkane compounds having 1 to 4 carbon atoms 
35 and includes branched and straight chain alcohols. The term includes methanol, ethanol, iso-propanol, butanol, isob- 
utanol, cyclohexanol and the like. The preferred low-molecular-weight alcohol is ethanol. 

[0019] The term "alkali base" includes both monobasic and dibasic salts, which include sodium carbonate, potassium 
carbonate, cesium carbonate, sodium bicarbonate, potassium bicarbonate, potassium phosphate, sodium phosphate 
and the like. The term includes aqueous solutions of such salts. 
40 [0020] One embodiment of the process of the instant invention is that process wherein the amount of magnesium 
monoperoxyphthalate is O.5. to 0.7 molar equivalents relative to the moles of pyrmetazole. 

[0021] Another embodiment of the process of the instant invention is that process which further comprises an addi- 
tional step of treating the mixture of the compound of formula II with an alkali base prior to the step of treating the 
mixture with magnesium monoperoxyphthalate. 
*s [0022] In a class of this embodiment is the process wherein the alkali base is selected from potassium bicarbonate 
and sodium bicarbonate. 

[0023] In a subclass of this class of the instant invention is the process wherein the amount of magnesium monoper- 
oxyphthalate is 0.5 to 1.0 molar equivalents relative to the moles of pyrmetazole. 
[0024] In another class of this embodiment is the process wherein the solvent comprises toluene. 
so [0025] In a subclass of this second class is the process wherein the solvent comprises toluene, a low-molecular- 
weight alcohol and water. 

[0026] The following synthetic Scheme 2 illustrates reaction sequences in which the process of the instant invention 
is employed to prepare omeprazole. It is understood that the scheme is meant to be illustrative and is not limiting. 
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SCHEME 2 
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[0027] In words relative to the equation, pyrmetazole Ha in a suitable solvent, such as ethanol/water mixture, ethanol/ 
toluene/water mixture and the like is optionally treated with a suitable alkali base, such as potassium carbonate, sodium 

40 carbonate, sodium bicarbonate and the like. The solution is then treated with magnesium monoperoxyphthalate, which 
may be added neat or added in a solution with a suitable solvent, such as ethanol, water, water/ethanol/toluene mixture 
and the like. The reaction mixture is stirred until analytical chromatography indicates that the pyrmetazole has been 
converted to omeprazole. The crude omeprazole may then be isolated by vacuum evaporation of the solvent followed 
by extractive workup. Alternatively, the product may crystallize out of the reaction mixture, especially if a suitable sol- 

45 vent, such as toluene/ethanol/water mixture and the like, is employed. When such crystallization occurs the crude 
omeprazole may be isolated by filtration. 

[0028] The crude omeprazole may then be recrystallized or dissolved in strong base, decolorized and reprecipitated 
by reducing the pH to 9. 

[0029] The invention is further defined by reference to the following examples, which are intended to be illustrative 
so and not limiting. All temperatures are in degrees Celsius. 



Example 1 

[0030] A solution of crude pyrmetazole (34.26g, 0.1041 mole) in 330 ml_ of 11 :2; toluene/ethanol under nitrogen was 
55 treated with a solution of potassium bicarbonate (1 5.62 g, 0. 1 562 mol) in 75 ml_ of water and then cooled to -5° to 0°C. 
A solution of MMPP (37.26 g, 0.0625 mol) in 150 mL of water was added dropwise to the solution over 1 .5 hours while 
maintaining the bath temperature at between -5° to 0°C. After approximately 75% of the MMPP solution had been 
added the product omeprazole began to precipitate out of solution as a white solid. After the MMPP solution was 
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completely added the reaction mixture was stirred for an additional 30 minutes. The pH of the reaction mixture was 
approximately 7.0 at the end of the MMPP solution addition and approximately 7.8 at the end of the additional 30 mins. 
The crude reaction mixture was filtered and the solid was washed with 50 mL of water and 30 mL of chilled isopropanol. 
The crude solid was dried under vacuum to provide 31 .6 g of omeprazole (88% yield). 

5 

EXAMPLE 2 

[0031] A mixture of pyrmetazole (0.112 mole) and potassium bicarbonate (0.145 mole) in 100 mL of water and ap- 
proximately 250 mL of a 4: 1 ; toluene: ethanol mixture was cooled to -5° to -9°C with stirring. A solution of MMPP (0.067 

10 mol) in 1 70 mL of water was added dropwise over a 2 hour period. After the MMPP solution was completely added a 
solution of sodium sulfite (2.2g) in 10 mL of water was added and the mixture was stirred for 15 minutes. The reaction 
mixture temperature was allowed to warm to 0°C during this period. The slurry was then diluted with 200 mL of water 
and 50 mL of methanol and the pH of the slurry was adjusted to 9.1 by addition of 50% aqueous sodium hydroxide. 
The slurry was aged at 0° to 5°C for 1 hour and then was filtered. The solid was washed with 50 mL of water and 40 

is mL cold methanol. Drying of the solid provided 31 .3 g of crude omeprazole (81 % yield). 

EXAMPLE 3 

[0032] To a solution of 3.44 g of pyrmetazole (10.5 mmol) in 30 mL of 9:1 v/v methanol/water at -10°C was added 
20 dropwise a solution of 3. 1 0 g of MMPP in 30 mL of 9: 1 v/v methanol/water over a 1 0 minute period. The reaction mixture 
was stirred at -10°C for 35 minutes then poured into a mixture of 100 mL of saturated aqueous sodium bicarbonate 
and 40 mL of methylene chloride. The layers were separated and the aqueous layer was extracted 3 times with meth- 
ylene chloride. The combined organic layers were dried over anhydrous magnesium sulfate and filtered. The filtrate 
was concentrated under vacuum and the residue was slurried in EtOAc and the slurry stirred for 10 minutes. The solid 
25 was collected and then dried to provide 3.31 g of omeprazole (92% yield). LC analysis showed that the product was 
99.5% pure. 

Reference EXAMPLE 

30 [0033] A mixture of pyrmetazole (0.108 mole) and potassium bicarbonate (0.13 moles) in 115 mL of water and 180 
mL of methylene chloride was cooled to 0°C to 4°C while being stirred. A solution of MCPBA (0.108 moles, 72% pure) 
in 51 mL of methylene chloride and 13.3 mL of ethanol was added dropwise over 3 hours while the temperature was 
maintained between 2° to 4°C. After the addition was complete the reaction mixture was stirred an additional 0.5 hour 
and analyzed by HPLC to ascertain the extent of conversion. The reaction mixture was then diluted with 115 mL of 

35 cold water, and the pH was adjusted to 1 3-1 3.5 with approximately 1 5 mL of 50% aqueous sodium hydroxide (NaOH) 
while the reaction temperature was maintained between 2° to 5°C. The reaction mixture was then stirred an additional 
15 minutes and the layers were separated. The organic layer was extracted with pH 13.5 NaOH in water. The basic 
aqueous phases were combined and treated with approximately 12 mL of methyl formate which was added over a 4 
hour period. When the reaction mixture pH reached approximately 10.8, the reaction mixture was seeded with ome- 

40 prazole. When the methylformate addition was complete the product was collected by filtration and rinsed with water 
and methanol. Drying provided 32.2 g of crude omeprazole (86% yield). 



Claims 

45 

1 . A process for the preparation of omeprazole, having the formula la: 



so 
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is la 

comprising the step of treating a mixture of the compound pyrmetazole, having the formula I la: 

20 



25 



30 




Ila 

35 

in a solvent, with magnesium monoperoxyphthalate, in an amount sufficient to convert pyrmetazole to omeprazole. 

2. The process of Claim 1 wherein the amount of magnesium monoperoxyphthalate is 0.5 to 0.7 molar equivalents 
relative to the moles of pyrmetazole. 

40 

3. The process of Claim 1 or 2 wherein the solvent comprises toluene. 

4. The process of Claim 1 , 2 or 3 wherein the solvent comprises toluene, a low molecular weight alcohol and water. 

45 5. The process of any one of Claims 1 to 4 which further comprises the step of isolating the compound omeprazole 
by filtration. 

6. The process of any one of Claims 1 to 5 which further comprises a step of treating the mixture of pyrmetazole with 
an alkali base prior to the step of treating the mixture with magnesium monoperoxyphthalate. 

50 

7. The process of any one of Claims 1 to 6 wherein the alkali base is selected from potassium bicarbonate and sodium 
bicarbonate. 



55 Patentanspruche 

1 . Verfahren zur Herstellung von Omeprazol der Formel la: 
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la 

15 

umfassend den Schritt, daB man eine Mischung der Verbindung Pyrmetazol der Formel Ma: 



25 




H 



Ha 



35 in einem Losungsmittel mit solch einer Menge Magnesiummonoperoxyphthalat behandelt, daB Pyrmetazol in Ome- 

prazol umgewandelt wird. 

2. Verfahren nach Anspruch 1 , wobei, bezogen auf die Mole von Pyrmetazol, die Menge an 0,5 bis 0,7 Molaquivalente 
betragt Magnesiummonoperoxyphthalat. 

40 

3. Verfahren nach Anspruch 1 oder 2, wobei das Losungsmittel Toiuol umfaBt. 

4. Verfahren nach Anspruch 1, 2 oder 3, wobei das Losungsmittel Toluol, einen Alkohol mit niederem Molekularge- 
wicht sowie Wasser umfaBt. 

45 

5. Verfahren nach einem der Anspruche 1 bis 4, das weiterhinden Schritt umfaBt, daB man die Verbindung Omeprazol 
durch Filtration isoliert. 

6. Verfahren nach einem der Anspruche 1 bis 5, das weiterhin einen Schritt umfaBt, bei dem man die Pyrmetazolmi- 
so schung vor dem Schritt, bei dem die Mischung mit Magnesiummonoperoxyphthalat behandelt wird, mit einer Al- 

kalibase behandelt. 

7. Verfahren nach einem der Anspruche 1 bis 6, wobei die Alkalibase aus der Gruppe Kaliumbicarbonat und Natri- 
umbicarbonat ausgewahlt ist. 

55 
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Revendlcatlons 

1. Proceed pour la preparation d'omeprazole, presentant la formule la : 

5 



10 




la 

20 comprenant I'etape de traitement d'un melange du compose pynm6tazole, pr£sentant la formule I la : 



25 



30 




dans un solvant, avec du monoperoxyphtalate de magnesium, en une quantite suffisante pour convertir le pyrme- 
tazole en omeprazole. 

40 

2. Procede suivant la revendication 1 , dans lequel la quantite de monoperoxyphtalate de magnesium est de 0,5 a 
0,7 Equivalent en mole par rapport aux moles de pyrm6tazole. 

3. Proc6de suivant la revendication 1 ou 2, dans lequel le solvant comprend du toluene. 

45 

4. Procede suivant la revendication 1 , 2 ou 3, dans lequel le solvant comprend du toluene, un alcool faible poids 
moleculaire et de I'eau. 

5. Procede suivant I'une quelconque des revendications 1 a 4, qui comprend en outre l'6tape d'isolement du compose 
so omeprazole par filtration. 

6. Procede suivant I'une quelconque des revendications 1 a 5, qui comprend en outre une etape de traitement du 
melange de pyrmetazole avec une base alcaline avant I'etape de traitement du melange avec du monoperoxyph- 
talate de magnesium. 

55 

7. Procede suivant I'une quelconque des revendications 1 a 6, dans lequel la base alcaline est selectionnee parmi 
du bicarbonate de potassium et du bicarbonate de sodium. 
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